This paper investigates the priced factors in the Intertemporal Capital Asset Pricing Model (ICAPM) in the Tokyo Stock Exchange (TSE) in Japan. Focusing on the time-varying covariance risks derived by the multivariate Generalized Autoregressive Conditional Heteroskedasticity (GARCH) model, we find new priced state variables in Japan. That is, our empirical tests reveal that in the TSE, the time-varying covariance between market return and illiquidity measure and that between market return and the log change of the seasonally adjusted industrial production are statistically significantly priced state variables in the ICAPM.
Introduction
Merton [1] developed the Intertemporal Capital Asset Pricing Model (ICAPM). ICAPM is a linear factor model with wealth and state variable that forecast changes in the distribution of future stock returns. Several studies such as [2] , [3] , [4] , [5] and [6] tested this model in the US. However, in Japan, the pricing test of this ICAPM has little been conducted. Hence, our objective is to investigate the priced state variables in Merton's ICAPM in the Tokyo Stock Exchange (TSE). This paper's novel characteristics are as follows. First, although we examine the ICAPM employing the similar approach of Lundblad [7] , we focus on the covariance risks instead of volatility risk as in [7] .
Second, we clarify new priced time-varying covariance risks that are related to illiquidity measure and industrial production. This is our most significant contribution in this paper.
The rest of the paper is organized as follows. Section 2 concretely describes Merton's ICAPM, Section 3 explains the data, Section 4 presents the empirical results, and Section 5 summarizes the paper.
Theory and Research Design
Lundblad [7] concretely documents Merton' s ICAPM as  follows:   2  ,  ,  , , ,
where r M,t is the market return, r f,t denotes the risk-free rate, σ 
To focus on the covariance risks, we first examine the following model (3):
where the conditional variance of market return follows GARCH (1, 1) model ( [8] ) as the following model (4):
We next examine the ICAPM more rigorously by including the variance of market return as model (2) , and where the conditional variance of market return follows Generalized Autoregressive Conditional Heteroskedasticity (GARCH) (1, 1) model (4) or Exponential GARCH (EGARCH) (1, 1) model ( [9] ) (5) . That is, we estimate model (2) as GARCH-in-mean model or EGARCH-inmean model.
(5) For calculating the time-varying covariance risks included in models (2) and (3), we use the multivariate GARCH model ( [10, 11] ).
Data
The full sample period of our data is from April 1985 to December 2009. We first compute the market risk premium: r M,t − r f,t . Where r M,t is the market return, which is calculated using Tokyo Stock Price Index (TOPIX) (from TSE), and r f,t is the rates of the one-month negotiable Certificate of Deposit (CD) (from Bank of Japan (BOJ)).
We also construct the following five covariance variables, CILLIQ, CDDY, CDEF, CDTERM, and CLCIP by using ILLIQ, DDY, DEF, DTERM, and LCIP, respectively. Where ILLIQ denotes the absolute value of return of the TSE First Section stocks (from TSE) divided by the total trading volume of the TSE First Section stocks (from TSE), DDY is the first difference of the dividend yield of the TSE First Section stocks (from TSE), DEF denotes the default spread between the yields of the long-term Nikkei Bond Index (from Nikkei, Inc.) and 10-year government bonds (from Quick Corp.), and DTERM means the first difference of the yield spread between the yields of 10-year government bonds (from Quick Corp.) and the one-month CD rates (from BOJ). Finally, LCIP is the log change of the seasonally adjusted industrial production (from Ministry of Economy, Trade and Industry). We then compute the above five variables, CILLIQ, CDDY, CDEF, CDTERM, and CLCIP, which are the covariances between market return r M,t and ILLIQ, DDY, DEF, DTERM, and LCIP, respectively. Again, these time-varying covariance risks are from the multivariate GARCH model.
Empirical Results
This section describes the characteristics of our data and empirical results for the ICAPM pricing in Japan. First, Table 1 exhibits the descriptive statistics of five variables, ILLIQ, DDY, DEF, DTERM, and LCIP. Table 1 shows that all variables are generally slightly positively skewed and possess excess kurtosis in comparison with the normal distribution. DDY and DTERM are the first differences of the raw variables because they have unit roots in the augmented Dickey-Fuller (ADF) tests. The empirical results of ICAPM pricing in Japan are exhibited in Tables 3 to 5. Table 3 reports the results of our base tests by using model (3) and the GARCH (1, 1) model (4). As described, market risk premium equation (3) includes the covariance variables derived by the multivariate GARCH model. Table 3 indicates that CILLIQ (time-varying covariance between market return and the illiquidity measure) and CLCIP (time-varying covariance between market return and the log change of the seasonally adjusted industrial production) are statistically significantly priced in ICAPM in the TSE.
Further, we implement two kinds of robustness checks. First, Table 4 exhibits the results of ICAPM pricing by using the GARCH-in-mean model. That is, we here incorporate both variance and covariance risks derived by the multivariate GARCH model into ICAPM as shown in (2) , and where market return variance follows the GARCH (1, 1) model (4). Table 4 again indicates that CILLIQ and CLCIP are statistically significantly priced in ICAPM in Japan.
Finally, we further perform the robustness checks by using the EGARCH-in-mean model. Namely, again we include both variance and covariance risks from the multivariate GARCH model in ICAPM (2), and where market return variance follows the EGARCH (1, 1) model (5). statistically significantly priced in ICAPM in the TSE. Therefore, we understand that these two time-varying covariance risks are stably priced in the TSE regardless of the model types.
To sum up, time-varying co-movements of market returns and market illiquidity are important dynamics for the market risk premium in the TSE. Further, we understand that time-varying covariance between market return and industrial production is also important as the determinant of the market risk premium in the TSE.
Conclusions
This paper explored the priced state variables in ICAPM in the TSE. Differently from the US previous study of [7] , we focus on the time-varying covariance risks derived by the multivariate GARCH model. Our empirical examinations derived following interesting new findings.
First, for the TSE, we clarify that the time-varying covariance between market return and illiquidity measure is one of the strongly priced state variables in Merton's ICAPM.
Further, the time-varying covariance between market return and the log change of the seasonally adjusted industrial production is also the priced state variable in the ICAPM in Japan. These two variables' statistical significance is empirically robust regardless of the testing model types.
As above, new robust findings demonstrated in this paper will contribute to the body of academic researches of asset pricing in the field of financial economics. We consider that future related works using other data may be also valuable, and these works are our future tasks.
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